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i. Title of Invention 

MEDICAL INSTRUMENT 0CTDANCE APPARATUS AND METHOD 



2. CLairas 

X. A device for guiding a medical instrument far 
insertion into a body of a patient along a planned guide 
path, the device comprising: 

a first source of -electromagnetic radiation - 
producing a first ray; 

a second source of electromagnetic radiation 
producing a second ray, the second ray intersecting the 
f irst ray along the planned guide path to mark the planned 
guide path. 

2. A device as recited in Claim 1, wherein the first 
and second sources af electromagnetic radiation produce 
first and second visible light rays. 

3 . A device as recited in Claim 2 , wherein 
wavelengths of the first and second visible light rays are 
o£ different colors which mix at a point of intersection of 
the first and second light rays to produce a third color 
when reflected by the medical instrument at the point of 
intersection. 

4. A device as recited in Claim 1, wherein the first 
and second ray are respectively formed into first and 
second fan-shaped rays, an intersection point of a plane of 
the first fan-shaped ray with a plane of the second fan- 
shaped ray forming the planned guide path. 



1 



5 . A method of aligning a medical instrument for 
insertion into a body of a patient along a planned guide 
path, comprising the steps of: 

producing a first ray of electromagnetic 
radiation; 

producing a second ray of electromagnetic 
radiation; 

intersecting the first aad second rays at the 
planned guide path to produce a guide path at a point of 
intersection; and 

guiding the medical instrument along the guid* 
path at the point of intersection. 

6. A method as recited in claim S, wherein the 
medical instrument is aligned to a lesion in the body by 
intersecting the first and second ray in such a way that 
the line of intersection on the human body points directly 

7. A method as recited in claim 5, wherein the first 
ray of electromagnetic radiation is a visible light ray, 
and the second ray of electromagnetic radiation is a 
visible Light ray. 

8. A method as recited in claim 5, wherein the step 
of producing a first ray of electromagnetic radiation 
further comprises the step of shaping the first ray of 
electromagnetic radiation as a fan in a first plane, and 
shaping the second ray of electromagnetic radiation as a 
fan in a second plane, and the step of intersecting the 
first and second rays comprises the step of intersecting 
the first plane and the second plane to produce the guide 
path at the point of intersection of the first plane and 
the second plane. 
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3. A method as recited in claim 5, wherein the step 
of producing a first ray of electromagnetic radiation 
comprises the step of producing a first visible light ray 
of a first color, the step of producing the second ray of 
electromagnetic radiation comprises the step of producing 
a second visible light ray of a second color and wherein, 
the first color and the second color mix at the point of 
intersection to form a third color. 

10. A device for marking a planned guide path of a 
puncture needle, cosnprising first and second sources of 
electromagnetic radiation which produce first and second 
rays intersecting each other along an intersecting line at 
the planned guide path. 

11. A device according to claim 10, wherein the 
sources of electromagnetic radiation produce th« first and 
second rays each situated to produce first and second 
planes, the intersecting line of the first and secosd 
planes marking the planned guide path. 

12. A device according to claim 11, wherein the 
crossing angle of the rayfl ranges from 60" to 120*. 

13. A device according to claim 12. wherein, the 
crossing angle ie substantially 90'- 

14. A device according to one of the claim 11, wherein 
the electromagnetic radiation comprising visible light. 

15. A device according to claim 14, wherein the 
visible light from the first and second sources of 
electromagnetic radiition are of different wavelengths. 

16. A device according to claim 15, wherein one source 
of electromagnetic radiation produces red light and Che 
other source of electromagnetic radiation produces green 

light. 
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17. A device according to one of the claim 14, wherein 
the sources of electromagnetic radiation comprise diode 
lasers. 

18. A device according to one of Ehe claim 14, wherein 
each source of electromagnetic radiation comprise a 
cylindrical lens for fan-shaping the first and second rays 
in respective planes. 

19. Device according to one of the claims 10, wherein 
the device consists of only non-magnetic material. 

20. Device according ta one of the claim 12, wherein 
each source of electromagnetic radiation comprises a 
fresncl lens for fan-shaping the first and second r&ya in 
respective planes. 

3. Detailed Description of Invention 

The present invention ia directed to a device for 
marking a guide path for an instrument, and in particular, 
to a device using intersecting light for marking a guide 
path for a medical instrument such, as a puncture needle or 
a catheter. 

In recent years, a nusnber of medical techniques have 
bean developed which require various parts of the external 
body as well as internal organs to be punctured for 
diagnosis and/or therapy. For example, biopsies can be 
taken using small puncture instruments in a manner such 
that suppurations or blood effusions can be reduced. In 
many such techniques a relative small area deep under the 
akin is to be punctured. In such cases, it is often quite 
difficult to place the puncture needle safely in the 
desired area. 

In a conventional procedure, geetional images are made 
using computer tomography CCT) or magnetic resonance 
imaging (MRI) . The physician uses these sectional ima S ee 
to determine the area to be punctured, Che most suitable 
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entry point and the puncture path- After an initial image 
is obtained, for example a tomograph, the patient is 
removed for the imaging machine and the entry point 
determined according to the sectional image is marked by a 
point or a line. After usual disinfection, the patient is 
draped in sterile fashion and, if necessary, local 
anesthesia is made. rhe physician then inserts the 
puncture needle freehandedly into the patient on the basis 
of a visual estimate of the desired entry angle. 

Once the puncture needle is inserted, the patient ie 
once again placed into the imaging apparatus and a new 
image ia made for use in controlling the needle position in 
the body. If the insertion angle substantially deviates 
from the intended approach the planned diagnosis or therapy 
may not be performed and the instrument must be removed and 
the puncture has to be repeated. 

Conventionally, multiple punctures are often necessary 
in order to properly access the appropriate area. 
Moreover, deviations from tha planned puncture path may 
cause complications such as lesions of vessels or nerves as 
well as hemorrhages ot infections . Even a very experienced 
physician using the conventional technique to visually 
estimate the puncture angle will make a puncture which 
deviates from the desired angle on the order of ± E ' - This 
order of deviation limits the use of the puncture 
techniques to cases where the area to be punctured is large 
enough to accommodate such deviations. Such deviations 
also ma)c« it vary difficult or even, impossible to puncture 
email tumors located deep under the skin. Accordingly, 
there exists a need to provide a device which permits 
placement and guidance of such instruments more precisely 
than current techniques . 

Generally, the present invention provides an improved 
method and apparatus for inserting a medical instrument 
along a desired path into ' part of a body. In one 
particular embodiment, the present invention is implemented 
in the form of two sources of electromagnetic radiation 
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producing first and second raya which intersect at the 
planned guide path to mailt the planned guide path for 
insertion of the medical instrument. Using such an 
apparatus, the medical instrument can be precisely guided 
along the guide path at the point of intersection.. 

The above summary of the present invention is not 
intended to present each embodiment or every aspect of the 
present invention. Rather, the invention will be 

understood by reference to the figures and the associated 
description which follow. 

in accordance with an embodiment o£ the invention, a 
device is provided for marking a planned guide path for 
insertion of a medical instrument, such as a puncture 
needle, into part of a patisnt'e body. At least two 
sources of electromagnetic radiation are used to mark a 
guide path for the instrument. The light rays are directed 
in a manner such that the intersecting point of the light 
rays marks the planned guide path. In one embodiment, the 
sources of electromagnetic" radiation produce planar rays. 
The intersecting line of the planes marks the planned guide 
path. The intersecting angles of the rays are preferably 
in the range of 60-120", and more preferably at an angle of 
90" . 

In accordance with an embodiment of the Invention, the 
puncture needle is illuminated by the electromagnetic 
radiation and reflects such radiation. If the puncture 
needle is situated precisely on the intersecting line of 
the two rays, that is if the puncture needle is precisely 
aligned along the planned guide path, it reflects the rays 
of both sources so that the observed intensity is 
increased. It ia noted that a number of different types of 
electromagnetic radiation may be used. For example, 
visible light may be used such that, if the needle is 
situated in the intersecting line of the two light beanie 
and if it reflects the light of the two sources, the 
increased intensity of the reflection can be readily 
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determined by visual inspection. In an alternative 
example, non-visible electromagnetic radiation such 
ultraviolet radiation which produces a visible reflection 
can be used. The puncture needle may be coated with 
materials which, emit visible light when radiation at the 
selected wavelengths are U3ed. 

To further facilitate a visual determination of the 
correspondence of the medical instrument and the 
intersection point of the light rays, different colors of 
light may be used. For example, one light source may send 
red light and the other green light. At the intersecting 
point of the two light rays the additive mixture of the 
read and green light causes the production of yellow light. 
If the puncture needle reflects yellow light, it can be 
determined that the needle is situated at the planned 
insertion angle. Deviations from the planned angle of 
insertion are immediately noticed because a clear red ox 
green coloring will then be reflected by Che needle. Using 
the techniques of the above embodiment , the planned angle 
of insertion can be observed with deviations less than 1" . 

As described more fully below, diode lasers may 
efficiently be used as light sources. For example, a firet 
diode laser having a wavelength of 532 nm (green light) and 
a second with having a wavelength of 535 nm (red light) 
could be used to produce the light rays. Such diode lasers 
are advantageous in that they not harmful to the eyes of 
the physician or patient . Light from the diode lasers may 
be fan-shaped using a cylindrical lens. The two fan-shaped 
beams mark at their intersecting line the planned puncture 
path for the puncture needle. 

The fan-shaped rays may be spread in only one direction 
to produce a single light beam. In this manner a 
relatively well-focuseed intersecting line of this rays is 
formed. This is especially useful when small medical 
instruments are used such as the puncture needle. If a 
larger medical instrument is to be guided, or if larger 
deviations of the insertion angle can be tolerated, it is 
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additionally possible to fan-shape the light rayg in a 
second direction vertical to the above deacrihed beam. In 
this manner, although not as wall focused, the intersecting 
area of the rays is increased to provide a larger guide 
path. 

As described above, sectional images are used to 
determine the appropriate guide path. Magnetic resonance 
imaging ia increasingly used instead of the computer 
tomographic because o£ the relative high volume of x-rays 
the patent ia subjected to when producing a computer 
tomographic image. When the device is to be implemented 
with magnetic resonance imaging, it is desirable to have 
the entire device constructed of non-magnetic material in 
order to avoid the influence on the image obtained. 

Referring to Figure 1, a more specific exemplary 
embodiment in accordance with the invention is illustrated. 
In Figure 1, a cross section of an object to be punctured, 
such as a. patient 2, situated on a table 1 ia illustrated. 
More particularly, the cross-eectional view o£ patient 2 
shows a part of the liver which is to be punctured. The 
table 1 is adjustable in the x- and y-direction, that is in 
the table plane, in a known manner. The patient 2 is 
situated on the table 1 in a determined position. 

Laser guidance systems 3 and 4 are arranged in a 
defined position relative to the table 1 and consequently 
to patient 2. The laser -guidance systems 3 and 4 include 
diode lasers 5A and 5B, respectively. Diode laser SA ot 
laser-guidance system 3 outputs a bright red light ray 
(e.g., at a wavelength of 635 tro) and diode laser 5B of 
laser guidance system 4 outputs a bright green light ray 
(e.g., at a wavelength of 532 nst) . 

The laser rays are fan-ahaped by means of cyl indrical 
lenses in one plane in a manner that a bright red fan- 
ahaped ray 7 and a bright green fan- shaped ray S are 
produced. The lens may be a fresnel lens used to fan-shape 
the light rays in a plane. The two fan-shaped raya 
intersect at line 9, precisely marking the planned puncture 



8 



-15- 



path for insertion of puncture needle 10. When the 
puncture needla is held at the planned angle of insertion, 
the needle reflects the additive mixed bright yellow light 
which is produced by the red and green laser rays. When 
the needle deviates from the planned angle, either the red 
or the green laser light is reflected by the needle. In 
this manner, deviation from the planned guide path is 
immediately indicated to the physician by the clear green 
or red illumination of the needle and correction can te 
made. As noted above, using such an apparatus the planned 
angle of insertion can be observed strictly with a 
tolerance of ±1" . 

Figure 2 shows a. cross -sectional view of an exemplary 
laser-light guidance system. A laser diode module 5 is 
arranged rotatafaly around its axis and is coupled to a 
toothed whee 1 pair 11 and 12 . By inducing an angular 
rotation about an angular position axis 13 the laser diode 
module 5 can. be rotated around its axis. A cylindrical 
lens assembly 6 is connected to the laser diode module 5. 
The connection of cylindrical lens £ with laser diode 
module 5 has a sufficient torsional strength such that the 
angular position of the fan-shaped laser ray con be 
adjusted by actuating rotation along the angular position 
axis 13. 

A light ray 20 ia emitted from the laser diode module 
S, formed into a fan-shape by cylindrical lena 5 and 
reflected by a mirror 14. The mirror 14 ia coated on its 
face (front surface) and is rotatable around a mirror axis 
15 . A worm wheel 17 is provided along rotational axis 16 
and engages a toothed wheel 18 coupled to the mirror 14- 
The toothed wheel 19 is disposed so aa to rotate about Che 
mirror axis 15. For rotation of mirror 14 the worm wheel 
17 catches the toothed wheel IB so that the position of the 
mirror L4 may be adjusted by rotation about the rotational 
axis 16. In this manner, the mirror 14, and consequently 
the orientation of the outgoing light ray 20, can be 
adjusted. The above described rotation axia are arranged 
in friction bearings of a gear unit 19, 
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A method of precisely guiding a medical instrument 
using the above described embodiments of the apparatus is 
illustrated in Figure 3 . At step 301 one or more sectional 
images of a patients body are obtained, using for example, 
computer tomography or magnetic resonance imaging. Theaa 
images may be used, for example, to localize a lesion 
inside the patient's body, using a sectional image which 
shows the target point the physician determines the most 
favorable entry point and insertion angle according to the 
anatomic circumstances at step 302. Using the selected 
entry paint and insertion angle, at step 303 the relative 
position of the table and the two light rays are adjusted 
to align the intersection of the light raye along the 
desired insertion path. This may be accomplished by 
manually adjusting the angular position of the laser diode 
module S by rotating the system about axis 13 and the 
angular position of rairrar 14 by rotating the worm gear 17 
about axis 16. By appropriately adjusting the laser 
guidance systems 3 and 4 In this manner, the intersection 
point can be set with extreme precision. 

Once the intersection of the two light raya is 
appropriately adjusted, the medical instrument, such as the 
puncture needle 10 illustrated in Figure 1, is positioned 
at the marked puncture path at step 304 by placing the 
needle tip on Che patient's body at the intersecting point 
of the laser rays. Light reflected from the medical 
instrument is then visually inspected by the physician and 
used to obtain the desired angular position. In the above 
example of red and green laser light, the instrument is 
position so as to obtain a bright yellow reflection along _ 
the entire length of the needle. The needle is then 
inserted into the patient at marked angular position using 
the reflected light as a guide at step 3 05. If necessary, 
needle position inside the patient's body can be controlled 
by means of a new tomogram after insertion. . 
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In the above example, an insertion angle is selected by 
the physician and is used to manually adjust the laser rays 
until the angle of intersection corresponds to the desired 
insertion angle. In an alternative embodiment , the entry 
point and insertion angle may be selected directly by 
narking the desired point and angle on the screen of the 
computer tomographic or magnatic resonance imaging device 
while viewing the image. Using the data input via an 
interface with the acreen,. a computer may be used to 
calculate the necessary relative positions of table l and 
laser light guidance system 3, 4 as well as the appropriate 
directions and angular position of the planes of laser 
rays 7, 8. The calculated coordinates may then be used to 
generate control commands for .adjusting table 1 and laser 
guidance system 3, 4 in a manner that these laser rays 7, 
8 appear on the planned entry point and marks the planned 
insertion angle. Control commands may be provided to ah. 
appropriate device which impart a rotation about axis 13 
and 16. 

The foregoing description, which haa been disclosed by 
way of the above examples and discussion, addresses 
embodiments of the present invention encompassing the 
principles of the present invention. The einhodlments may 
be changed, modified and/or implemented using various 
arrangements . Those skilled in the art will readily 
recognize that these and various other modifications and 
changes may be made to the present invention without 
strictly fallowing the exemplary embodiments and 
applications illustrated and described herein, and without 
departing fron the true spirit and scope of the present 
invention which is set forth in the claims. 
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4. Brief Description of Drawings 



Fig. a is a schematic i 1 lust raC ion of an emiadiraen!: at 
the invention; 

Fig. 1 represents a cross-sectional view of a laser 
light source used in accordance witb an embodiment o£ the 
invent ioa; and 

Fig. 3 ia a flow diagram illustrating a process in 
accordance with an embodiment of the invention. 
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FIG. 2 
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1. Abstract 



A device for marking a planned guide path of a medical 
instrument auch as a puncture needlB is disclosed. The 
device incorporates two sources of electromagnetic 
radiation, such as lasers, which produce two light rays. 
The intersecting line of the light rays marks the guide 
path for the puncture needle. Deviations of the angle 
position, of the puncture needle from the planned guide path 
are visible by examining the reflection of the light from 
the puncture needle. Different colors of light may be used 
with the light rays being formed in a fan-shape in a common 
plane. In this manner, the color of the reflected light on 
the surface of the puncture needle changes depending on 
whether the puncture needle is located at the intersection 
of the light rays. 

2. Representative Drawing 

Fig. 1 
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